Nitric oxide synthase activity was studied by means of NADPH-diaphorase activity and nitric oxide synthase immunoreactivity in the main and accessory olfactory bulbs of the frog Rana perezi and the newt Triturus marmoratus. In both species, NADPH-diaphorase staining was observed in all olfactory fibers. Vomeronasal fibers were NADPHdiaphorase labeled in Triturus but they were NADPH-diaphorase negative in Rana. Nitric oxide synthase immunoreactivity was not observed in the primary afferents in any case.
INTRODUCTION
The NADPH-diaphorase (ND) histochemical reaction produces a Golgi-like labeling of specific neuronal populations containing nitric oxide synthase (NOS) in all major areas of the mammalian brain 7, 19 . In the olfactory bulb (OB), a total coincidence in the distribution of ND-activity and NOS-immunoreactivity has been described in specific subpopulations of interneurons, but no evidence of NOS-immunoreactivity was found in the primary afferences, despite their strong ND-activity 22 .
ND and NOS labeling has been described in the OB of mammals: rat 12 , hamster 12 , mouse 22 , and hedgehog 2 . Important differences in the ND/NOS staining pattern have been observed in these species 2,12 , suggesting differences in the modulatory mechanisms in which this enzyme is involved.
Previous studies on the distribution of ND activity and NOS immunoreactivity in non-mammalian vertebrates reported that the ND staining in the OB of teleost fish 5,18 was substantially different to what has been observed in mammals. ND activity has been also investigated in the Japanese quail OB 27 and it was found to be completely negative. ND activity has been reported in the OB of the salamander 33 but no comprehensive study of the distribution of this enzyme in the amphibian OB using both ND histochemistry and NOS immunoreactivity has been carried out.
Amphibians have an olfactory system with both primitive and advanced characters.
As an ancestral character, amphibian mitral cells do not appear in a monolayer and posses several branched glomerular dendrites 29 , as in fish 4 and birds 6 . By contrast, a unique dendrite makes synapses with olfactory receptor cell axons in mammalian mitral cells 4 , indicating a higher degree of convergence of olfactory inputs. Furthermore, the axons of the mitral cells of amphibians project through two segregated fiber tracts with different targets 30 . Two independent olfactory tracts are also present in the teleost olfactory system 6 , whereas only the lateral olfactory tract is present in mammals 1 . Otherwise, the amphibian OB presents some advanced features. Thus, amphibians are the first vertebrate Porteros et al.
-4 -NOS in the amphibian OB group during evolution with a separate accessory olfactory system 1 . Periglomerular cells 1 and tufted cells 4,29 are characterized as neuronal types in the amphibian OB circuitry, and amphibian mitral cells have two types of dendrites with different morphology and synaptic connections 4,29 . The above cited characteristics make the amphibian OB an adequate system where try to understand the interspecies variability in the ND/NOS staining.
In this report we studied the distribution of ND activity and NOS immunoreactivity in the main olfactory bulb (MOB) and accessory olfactory bulb (AOB) of the frog Rana perezi (Anura) and the newt Triturus marmoratus (Urodela). The analysis of the possible similarities and/or differences with the staining observed in other classes of vertebrates may provide valuable information on the evolution of ND/NOS system in the vertebrate olfactory pathway.
MATERIALS AND METHODS
Six adult frogs (Rana perezi) weighing 40-60 g, and six adult newts (Triturus marmoratus), weighing 30-50 g, of either sex, were captured in the wild and used for this study. After deep anesthesia with 0.03% tricaine methanosulfonate (MS-222, Sandoz) in water, the animals were perfused through the conus arteriosus with 25 ml heparinized saline solution followed by 150 ml of a fixative containing 4% paraformaldehyde and 15% saturated picric acid in 0.1 M phosphate buffer, pH 7.4 (PB). After removal from the skull and immersion for 4 hours in perfusate, the olfactory bulbs and telencephalic hemispheres were dissected out and stored overnight in 30% (vol./vol.) sucrose for cryoprotection. The tissue was quickly frozen with liquid nitrogen and 30µm horizontal sections were cut on a cryostat (Bright) at -21 º C. The sections were washed in PB and processed for ND histochemistry during 90-120 minutes at 37ºC as described elsewhere 3 . The incubation medium was made up of 1 mM ß-NADPH (Sigma), 0.3 mM nitro blue tetrazolium (Sigma) and 0.1% Triton X-100 in 0.1 M PB, pH 7.6. The course of the reaction was controlled under the microscope, and it was stopped with several rinses in cold (4ºC) PB.
Porteros et al. Controls of the specificity for both the histochemical and immunocytochemical procedures were carried out as previously described 2, 3 . No residual reaction was observed.
The sections were mounted on gelatinized glass slides, dehydrated in a graded ethanol series, cleared with xylene and coverslipped with Entellan (Merck). Labelled cells wre identified in a Zeiss III photomicroscope equipped with epifluorescence and appropriate filter sets. Cell sizes were measured using a Zeiss ocular micrometer.
RESULTS
Both Rana perezi and Triturus marmoratus have well-developed paired OB at the rostral pole of the telencephalon. In Rana perezi, left and right MOB are fused on their medial side (Fig. 2a) , whereas in Triturus marmoratus, they are separated (Fig. 2b) . In both species, the AOB is located lateral and caudal to the MOB. After the histochemical reaction, ND activity was observed as a pale to dark blue formazan filling in specific neurons and/or fibers in the MOB and AOB of both species. Figure 1 shows the distribution of ND-labeled elements in the MOB and AOB of both amphibians species. In order to allow the comparison with the ND staining present in the OB of higher vertebrates, a scheme of the ND labeling in the rat OB is provided in the same figure.
After double labeling with ND histochemistry and NOS immunocytochemistry, a total colocalization of both markers was found in positive interneurons, but only strong Porteros et al.
-6 -NOS in the amphibian OB ND-activity was observed in the stained primary afferents that were NOSimmunonegative.
In the MOB of Rana perezi, all olfactory fibers and glomeruli were ND-active. The strongly ND-stained olfactory nerves were observed penetrating separately into the OB (Fig. 2a) . They diverged in small bundles that arborize in row-shaped glomeruli (Fig. 2c) arranged in several rows, forming a wide glomerular layer. The staining intensity was quite homogeneous in all fibers and glomeruli, and no ND-negative olfactory fibers or glomeruli could be seen.
Rarely, ND/NOS stained varicose fibers were observed coursing from the granule cell layer to the external plexiform layer (Fig 2c) . These thin processes were identified as centrifugal afferents to the glomerular layer of the MOB. In addition, scattered ND-active and NOS-immunoreactive neurons were observed in the granule cell layer (Fig. 2d,e) .
These cells were slightly stained, small (7 to 10 µm in diameter), spherical or piriform in shape. In some occasions, one or two slightly stained processes could be seen. According to these morphological characteristics, these small neurons were identified as granule cells.
In the AOB of Rana perezi, no staining appeared in the vomeronasal fibers and glomeruli (Fig. 2a) . By contrast, abundant granule cells were ND-positive and NOSimmunoreactive, and their stained dendrites could be followed along the granule cell and external plexiform layers of the AOB (Fig. 2f) .
In Triturus marmoratus, all olfactory fibers were ND-positive and NOSimmunonegative. The olfactory fibers arborized in glomeruli of larger size (60 to 80 µm in diameter) than the olfactory glomeruli observed in Rana perezi (diameters ranging 35-50 µm). The ND staining intensity was strong, and no negative fiber bundles or glomeruli were observed (Fig. 2b) . In the granule cell layer, very scarce ND-positive and NOS immunoreactive cells appeared (Fig. 2g,h ). These cells had similar shape but they were larger (about 10-15 µm in diameter) than those observed in Rana perezi, and stained dendrites were less evident. Contrary to what was observed in Rana perezi, vomeronasal Porteros et al.
-7 -NOS in the amphibian OB fibers and glomeruli were ND-positive (Fig. 2b) , whereas the granule cells of the AOB of Triturus marmoratus were always ND-and NOS-negative.
DISCUSSION
Both similarities and differences in the distribution of ND-active and NOSimmunoreactive elements can be observed between both species of amphibians studied.
The labeling was similar in the MOB, but it showed interspecies differences in the AOB. The absence of total coincidence of ND with NOS has been previously reported in amphibians, at least in the retina 24 . In this sense, we have observed a total colocalization of both activities in granule cells of Rana perezi and Triturus marmoratus, but not in the primary afferents that were ND-positive and NOS-immunonegative. These results are in agreement with Kishimoto et al. 22 , who observed in the mouse OB that ND and NOS were coincident in intrinsic interneurons, but they did not find NOS immunoreactivity or NOS mRNA signal in olfactory or vomeronasal glomeruli, despite their strong ND activity. Porteros et al.
-16 -NOS in the amphibian OB h: ND labeling in the same field as in (g). ND activity colocalizes with NOS immunoreactivity in the same cell.
